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MrCROFT>mDfg! fiVCTFIW 

The invention relates to a microfluidio system having a mocfular conslmction 
for rapid assembly mid cKsassembly. 

5 

Microfluidio devices and systems have become increasingly important in 
recent yeats for perfonning large numbers of different chemical and/or 
biological operation? on a manageable scale, since they allow a laige raunbear 
of chemical or biochemical leaotions to be carried out as part of an analytical 
10 and/or Bynthstic process in a relatively smaU liquid votame. Such 
miniaturised analytioal or synthetic operations are generally more efficient, 
producing increased veaponse times and reduce tiie requitemwit for potentially 
expensive reagents. 

IS Conventional microfluidic devices and components have been constnicted on 
a chip using technology analogous to that followed in the silicon febrication 
industiy in general, for example by constructing the devices in a planar 
fashion using photolithography and etching techniqties. Conventionally, there 
has been a tendency, in particular by analogy with miniaturisation elsewhere 
20 in the silicon industiy, to concentrate development effbrts on miniatuiising 
onto a single chip of as small a size as possible all chemical, Wodiemical and 
biological processing associated wi& a particular synthetic and/or analytical 
process. 

25 Such constructions offer mmy advantages. However, the resultant chip is 
relatively inflexible. It is not always easy to intermix different materials and 
device technologies within such a sin^e chip. Ihapeotion, maintenance and . 
repair can be complex. 



It is an object of the invention to |>rovide a imcroiluidi& system wHch offers 
enhanced tlexiKli^ ana wtaich tnitigaiiqs some or ail ot the disq<iv8iitapsW 
single chip hitegnd systems. - 

.5 It is a particular obj9|rt of the present inveiiti<m to provide a modular 
mtcrofluidic system in which various different miorofluidic components are 
readily assemblable and disassemblable into a.«oinplete system to offer 
enhanced flexibility and utility. 

10 Thus, according to the present invention in its hi a first broadest enoibodiment 
there is provided a modular iiucrofluidic system comprising at least one base 
board having a pluraliiy of fluidly Imked fluid supply apertures, pretebly 
fUrflia: havhig at least one fluid source aperture 0uidly linked thereto, a 
plurality of miorofluidic modules adi^pted to be detachably attached to die base 

15 board, eadi having one or m<^ fluid inlets and/or outlets, and a plurality of 
fluid couplings to effect releasable fluid connBctian between a module and a 
base board via a supply aperture on the base board and an inlet/ontlet on the 
module. •■: a 

20 In accordance vdUx the tovraiticBi, the micsrofluidic circuit is built up on the 
base board, with the *1aboiiatojy" system bemg fbnned in modular fiishion 
upon the base board chip, cather than being integrated thci^wilh m 
conventional manner. Fluid is supplied to the constructed miorofluidio system 
via the fluid source apiBilure in the baseboard or by direct introduction mto a 
25 module. The base board clrip is prefiarably constructed to provide a plurality 
of fluid channels and/or chambers Ifaiking in fluid communicatioq at least 
some of the supply apertures to each other and/or to the source aperture. Tlie 
fluid supply passages within the modules complete a desired miorofluidio 
circuit when the modular structure is assembled. 



• 



3 

The invention offers significant advantages, partioulaTly in telation to 
flexibility of construQtion in iise» when compaied with prior art systems. Chq» 
module to base board interooimectioiis may be made ctrnvemaitiy con^>aot 
5 and simple, whilst at fte same timo comieotioiis between the board and 
external equipment can utilise well established fittings for interfacing to that 
equipment. Interauxing of different materials and device tedtmology is 
enabled (for example glass chips on a polymer boaid). In the same way a 
choice of external systems such as exienwU pumps against on-board or 
1 0 raodnle-surfece mounted pumps and valves etc. is oflered. 

The system of the invention ofiGsrs flexibiKly of design choice. For example a 
simple basoboaid des^ may be provided with exchangeable complex 
modules, or complex systems may be inchided within the baseboard, with the 
15 modules attachable thereto bdng simple and/or disposable. Seals and ' 
connections between module and board can be seleded according to module 
fiinction. 



20 



25 



The overall system provides for simple inspection and maintenance, flexibffify 
of use, and ease of repair to systems, for example by replacing only a module 
which is defective rather than an entire system. 

A microfluidic modnle in accordance with the invention comprises one or 
mons microfluidic devices. As used herein, a microfluidic device may 
comprise any laiown element of a microfluidic system, including without 
limitation an active device unit, such as a reactor, heater, cooler, analyser, 
detector, mixer, processor or the lilce. a fluid fimction unit such as a punq>. 
valve, filter or the like or merely a fluid channel and/or (Camber to complete a 
particular microflntdic circuit 
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"MicFofluidio devices in accordance vnHh the inventioti may be itaee 
dimaisional or generally plauoT. In a preferped embodiment, the devices are 
generally planar. Each nodule has a generally planar construction to be 
incoipotated upon a generally planar baseboard. Inlet/outlet apertures are 
most conveniently provided on one of planar feces of such a module. 
Supply apertures are most conveniently provided on a planar &ce of the 
baseboard, and sowce aperture(8) may be provided at an edge or the same or 
opposite planar &ce tiiereof. 



In pHTticular, each , module preferably has a generally planar sandwich 
construction, conqarising at least one inner sandwich Iay«- defining a fluid 
channel and/or chamber portibn, and at least one cover layer covering and 
effecting enclosure of the same. In a preferred embodiment the module 
15 comprises at least one sandwich layer defining an enclosed fluid channel 
and/or chamber portion, for example consisting of paired sandwich elements 
mto the surface of at lea^t one of which obannels are created such tfiat the pair 
assembled together define suc^ an enclosnie, with cover layers at eilfaer side 
thereof. FurUter intermediate layers mey be pieseni 

20 

Active miorofluidio elements may be ineoiporated within die channels and/or 
chambers so formed in ihe sandwich layer or additionally or alternatively may 
be provided upon the module surface in fluid communication with the channel 
therewithin. One or more inlet and/or ouflet ^ertures are provided to eSeot a 
25 fluid comnmnication between the channel and an external surfiice of *e 
module, for fluid connectioQ to the baseboanl. A baaeboard may be similarly . 
constructed. 
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Sandwich layers and cover layers are convenimtly fiibricated in suitable 
plastics material. Samiwch layers, whicli contact fluid in use, are pte&tably 
febrtcated ftora chendcaUy resistant plastics material, such as epoxy, SU8 
epoxy beuig most pffefeined. This gives good resistance with good 
S ftbricability of fluid channels and charnbett. Cover layers including fluid 
inlet/outlet ports might also contact fluid in Use, and aoooidingly these are also 
fabricated from materials exhibiting good chemical resistance, ftir exampte 
epoxy or other plastics such as polyetfaeretheiketoa© (PEEK). 

10 Chemical properties ofniccdystractuial cover or intermediate kyeijsxmght be 
less critical. However, any layers and in particular cover layers might also be 
modified for speciac propertieB* for example fi>r transpatenisy, fbr electrical, 
ipagnetic or dielectric properties, to provide mountings for externally mounted 
mi(^fluidio device components etc. . ■. 

15 

As used herein, microfluidic will be linderstood to refer to microstaictures 
having at least some sub-millimetre dimensions, mifflCDsteucture in this case 
toeing used to refer to any of a variety of weU known stractnres in sudh 
systems, inoludmg, but not limited to, flie chaunels and obambeis heteinabove 
20 described, thot ane c^ble of providing passage or storage for a fluid. 

In accordance with the invention, a pluraUty of fluid couplings are provided to 
effect a fluid-tight connection between at least one fluid siq>ply aperture on a 
base board and at least one inlet/oullet on a microfluidic device module. 
Conveniotttly, this connection comprises a leleasable coupling, fbr example in 
the form of a channel means removably insertoble into a suitable iccess in 
such a inlet/autletf^apeiture to ea»ct a fluid tight communicating connection 
therebetween. Such channel means convenienHy comprises a tubular element, 
in particular a rigid tubular element, fbr example being paiaUel sided, for 
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example being square or tecMgular, polygonal, or alteanatively having a 

circulflanoarelliplical - — - 

element is to be received preferably being shaped accordingly. 



S Such a tubular element cm be a separable and diatinct unit. However, fbr 
convenience, particularly in relation to the prefbrred embodiment where base 
board and module comprise generally planar components, the tubular element 
preferably comprises a prcgecting ferrule integral with and projecting ftom a 
ilr^ aperture comprising either a fluid supply aperture in the base board or an 

10 inlet/outlet in the module, and adapted to be tecefved in a recess comprised as 
a second aperture, con^^pondingly either an inlet/outlet in. the module or a 
supply aperture in the base boanL In particular the ferrule projects generally 
perpendicularly from a gen^Uy planar sur&ce, to efifect a fluid connection 
between a base board and module adapted to lie generally parallel when 

IS Connected. 

In a most prefeued tann^ ferrules are provided which prqject above the 
surfece of the base board to be received within recesses comprising the 
inlet/outlet apertures of modules to be attached thereto. 

20 

Ferrules as above described can o&sr particular advantages. The fbnrule 
system enables dead volume in flWd path between "chips" to be minimised. 
Use of fermles allows higher density of interoonneciions than oEher fittings 
such as HPLC fittings and the like. Ferrules can withstmid high pressures. 
25 Ferrules generally requdie a reduced thiokn^s of material in which to be held 
compared to Ihe thickaess needed to hold a screw thread or like fitting* 
allowing much thinner layers, down to layers essentially comprising films, to 
be interconnected. One cm: a few mechanical asteners can be used to hold 
together a system making multiple fluid connections through the femsles. 
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The ferrules ensure accurate meclwnical aligmnant of fluid elements making 
accurate module placement easy. 

5 It is generally easy to machine suitable ferrule recesses within the materials 
typically envisaged for use for b^eboaid and modules, giving scope for a 
range of femila and recess shapes. The internal bore and external diameter 
can be varied witWn limits, making it possible for the ferrule to incorporate 
naicrofluidic fimctionality. For example the mtemal bore could incoipoiate a 
10 filtration function, optionaUy comprising multiple holes (in mmmer analogous 
to a photonic crystal). For sample the ferrule can be modified to a larger 
shape to include a reservoir function. 

Optionally the fenulfl can inooipotate additional functionaUty. It may contain 
15 a non-iemm valve, for example a baU valve. The hall valve could conveniently 
be magnetically switchable valve. The fecrule could contain a catalyst ftit or 
could tncoiporate a filter. Various switches could be conceived. 



20 



It is possible to use a conducting for example metallic fenule for electrical 
interconnection between chips. Such a metallic ferrule may optionany be 
provided with an insulating layer on a fluid and/or module contacting sutfioo, 
effecting an electrical eontact between modules and/or electrical contact with 
fluid therein. A f«rule based design offers particular flexflriKty in that the 
system may readily be provided with fyrfher functional interconnections (eg 
25 nta«ni=fic,optic^)^therintegralwithQrseparatelyfromthefein^ 

Optionally the ferrule can incorporate or be provided wi^ a closure for closing 
a pathway not being used in a particular device combination allowing 
redundancy in pathway choice in base board fbr example during plug and play 
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use. The closure may comprise a bung to be applied by a user, or an integral 
T:lD5iH^aave^dJ5>te^'to"bgTqp«s 
insertion of ferrule into recess. 

S The invention hereinabovd has been described in terms of a single basdboard 
with a plurality of modules disposed in ^ single layer fh^^pon. It will be 
roadfly appreciated tiiat the irivaition is qot so limited. A particular flexibility 
of the invention is that it allows for multi-level stacking of modules and/or 
base boards and/or intermediate level boards. Such intermediate level boards 

10 may serve merely to provide fluid connection^ in the fonn of channels, 
chambers ox the like, or may also include active miciofluidic cqjiqponetrts. 
Similarly, it will be imderstood tiiat^ifae invention encompasses modular 
structures comprising a plur^ty of modules as heretnbe&re described and at 
least one base board, in which the base board is also optionally provided with 

IS active microflttidic conqionents. 

Intermediate level boards may be constructed as above desraibed and preferred 
features thereof will be construed by aaaJogy. In particular, boards ai« 
prefeiabJy planar^ and preferajjfy of a sandwich construotiott as above. 
20 . 

In embodiments oomprisin^ such a amlti-level stacking system, any 
component adapted for vse at an intermediate level will comprise at least one 
inlet aperture on a first "iowet" surface and at least one outlet aperture on a 
second "upper** sutfece (it being imdeistood that lower and upper are being 
25 used herein a$ a convenienoe to refier to surfeces proximal and distal to the 
base board, and not to imply any restrictive orientation). References herein to 
inlets/outlets in a module will be und«5TStood to apply equally where 
appropriate to such a lower aperture, and inferences herein to 9 base board 
fluid supply aperture will be understood to apply equally where apptopriatB to 




5uch an upper ^erture in an intemiediatE level compoaent. It is particularly 
easy to stack multiple layers usiug fbe ptefexred ferrule embodiment, 

In a preferred embodiment, fluid connections are eSected by projectine 
5 ferrules between components adapted to Ue generally paraflel. In multi-level 
systems, it will be convenieni that these ferrules all prcgect in the same 
direction. In particular, ferrules are preferably provided at apertures in the 
upper surface of the base board and at ^wrtures in the upper sur&ee of all 
intermediate level modules, to be receiving engaged in fluid tight connection 
1 0 within recessed portions at apertures on the lower sut&ce of all intermediate 
level components and all top level components. /. 

Attachment of a module to the board, or of an upper layer module, to a lower 
layer module in multi-laycT systems^ may be achieved by any suiiable 
releasable attachment means, including without limitation screws or screw 
fixings, bayonet fittings whether quick release or not, push and snap fit 
connectors, vacuum or mechanical damping connections, releasable mutua% 
engageable resilient hook and.felt pads, hooks, clips etc. The fluid couplings 
themselves, especially in the preferred fbrrn as channel means in interference 
fit between pairs of linked aperhwes. for example fenules engaged in 
interference fit in recesses, m^ assist in or even suffice to constitate such 
mechanical connection. However. addMonal mechanical coraieotors will 
usually be preferred. 



15 
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25 



The system in accordance with the invention provides a plurality of 
interchangeable elements enabling a plurality of different microfluidic 
ftmctions to be performed, on one or more levels. 
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I 

The inveation will now be d«cribed by way of e^cainple only with reference to 

~ Kgwi«s4-to-8-o£the-accQmpaayi«g.drawi^^^ 

FiguTO 1 illustrates in cross section how fluid connection is effected between 
components in accordance with the invention; 
5 Figure 2 is a scbemattc illustration of the basic confitruction of a nucraflnidic 
device for use with the invention; 

Figure 3 is an example miororeactor system employing the pdndples of tlie 
invention; 

Figure 4 is a plan view of the baseboard of the leactor of Figure 3; 
1 0 Figure 5 is an on chip manifold fiom the reactor of Figure 3; 

Figure 6 is a plan view of a first active microfluidic device from the reactor of 
Figure 3; 

Figure 7 is a plan view of 4 9econd active microfluidic device ih>m the reactor 
of Figure 3; 

1 5 Figure 8 is plan view of a tfajnJ active mirarofluidic device from the reactor of 
Figures. - - i 

Figure 1 illustrates in cross section the basic design of fluid connection in 
accordance with the preferred «smbodiment of the invention employing 
20 projecting ferrules* 

Illustrated schematically in Figure 1 ate a baseboard (1), a fust level 
component layer (2) and a second level component layer (3). The flow layers 
are shown in e^qploded view disassembled bm aligned for as^ 

Fluid connectfosn witinn the system is eflFected by insertion of ferrules (7^ 9) 
respectively provided at an upper supply aperture in the base boaid (1) and at 
an upper outlet aperture in the first levej board (2) which are received in the 
recesses (6, 8) re^ectively provided in a lower surface of the first level board 
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(2) and in a lower surfec© of the second level board (3). In Hie enibodiment, 
the connection employs simple paraDel-sided holes to t$ke PTFE tubes 
forming the ferrules (7, 9) although it will be iiadeistood that more c<Mi5)lex 
holes and feirules are possible. The ferrules ars retained wiliiiii the holes in 
5 Interference fit to provide a fluid tight leak proof connection. 

In the example shown fhiid supply is effected via an inlet fluid soutce aperture 
(10) comprising flejcible tubing (11) of 1/16 inch (1.5 mm) diameter retained 
within HPLC fittings (12). The fluid path is shown by the da± line (14). 

10 

To assemble the modular structure mto a laboratory system* a mechanical load 
is applied in the direction of the arrows CL) to effbct engagement between the 
ferrules (7, 9) and the recesses (6, 8).- Additional mechanical fixings (not 
shown) might be pirovidcd to ensure a more secure mechanical connection 
15 between the componeiKts (1, 2, 3). 



20 



A simple schematic device conatruction.is illustrated in the exploded view in 
Figure 2. Tlie example device has a sandwich layer structure comprising an 
external base layer (21) of poIy&UiBretheifcetone (PEEK), apair of inner layers 
(22) of SUS epoxy and an upper layer (24) of poIymethyhneUwciylate 
(PMMA) and internal layers (22). Channel means (23) are provided in the 
inner epojcy sandwich layer (22) to provide the necessary miorofluidic 
microstruoture. Fluid ports (24) through Ibe upper layer (24) give a fluid 
oommmiicalion fiom a sqr&c^ of the con^leted device to the channel means 
25 (23) which form enclosed internal channels once the two parts illustrated in 
the exploded view of Figure 2 are assembled. 

The sandwich layer elements (22) and upper layer (24) contact fluid in use, 
respectively in the cbamiels (23) and ports (25). Accordhigly these axe 
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fkbricated from materials exhibiting good ehetnical resistance, in the example 

Tespecthrely-SUS- epoxjrand-P^Kr-PropBrtiBa-Df-^^ 

layer (21) are less ccitieal, 

5 Th« simple schonatie in Figaie 2 does not illustrate any aotive miemfluidic 
devices. It vrill be understood that these could be incorporatecl suitably within 
the channels thettiselvc^ (for example in particular if these teke the form of 
pumps, valves, filters or the like) or could be incotporaited on a module siir&ce 
In fluid communication with Ifae channels (23). 

10 

A microfluidic reaction system in aoeordanee with the invedition is illustxated 
in plan view in Fignre 3. The tBactor:oonjprisea inlets for two supply fluids 
("flirid A" and •*f|uid 3*0, and provides for three processing streams ("stream 
I", "stream 2'\ "stream 3**). = 

15 

The reactor conqjrises a basd^oard (31) incorporating a plurality of fluid 
supply channels (32) Iherewithin. The base board has a number of 
microfluidic components mounted thereupon, being a manifold (34) to split 
the supply fluid (A, B) into the three sUreams (streajais 1> 2, 3), and then within 
20 each stream a series of modules comprising a mixer chip (35), a detector chip 
(36), a reactor chip (37) and a further detector chip (36). These components 
are shown separately in Pigtues 4 to 

A system constructed m accordance with the principle of the invention as 
25 iOustrated by figure 3 offers admirable isfanplicity and flexibiHty, providmg a 
number of advantages over conventional designs. In particular it enables use 
of larger interconnect components and scaling from the macro to the micro 
world by microfluidic "fenning" (transition ftom large pitch to small pitch 
spacing between fluidio channels). Fittings fiom chip to board enable close 




13 



packing of interoonnections on <2 mm square pacted spaoiiig or <1 nun 
Btaggraed spacing. 

Figure 4 illustrates in plan view the baseboard (31) of Figure 3 without the 
5 components attached. Tbo fluid channel means provided within the baseboard 
(32) are illustrated mofe dearly. 

The manifold (34) of Figure 3 is illustrated in greater detail in plan view in 
Figure 5. It cgn be seen fiwm Figute' 5 how the manifeld receives ftom a 
10 single inlet the two fluids (fluid A. fluid B) and produces 6 ouflets. 1 to 6, 
effecting a paired supply of fluid A and fluid B to the three streams ifluslrated 
in Figure 3. 

The device is constructed in accordance with the principles of Figure 2. 
15 Channel size in Uie example is 150 iim by 50 jira! Routing is effected through 
300 micron channels. The overall size of flic device is 62 by 72 by 4 mm. 

Figure 6 illustrates in side view (above) and plan view (below) <he mido 
mixer chip of Figure 3. The micromixer chqj receives two fluid streams 
20 comprising fluid A and fluid B respcctivBly in inlet A and hilet B, These are 
mixed togetiier as they follow the flow channel (41) to the outlet The chip is 
of a basic design as ilhistr^ted in Figure 2, wift a chwmel size of 100 pm by 
50 microns and an overaH size of 45 by 25 by 4 jm,. It is retained in position 
on the baseboard by means of the clamp (42). 



25 



Figure 7 is a representation of a reactor chip (37) from Figure 3 shown in side 
view (above) and plan view (below). Fhnd flows fiom inlet to outlet via the 
flow channel (51) tltereby passing tbltmgh the reactor portion (53). The 
reactor portion comprises a catalyst bed (54) 3 iwn m diameter and 2 mm deep 
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retained by the screw in plug (55). The Qverall assembly has a abanael size of 
■ lt)0-p,nrl5y"5t)THn, an overalt^ize qO?f'by^5"W"'61iMr«Sfflsle^ 
position by die clamp (52). 



3 Figure 8 iUustrates the detector cWp (36) of Figure 3 in side view (above) and 
pJan view (below). Huid flows from inlet to outlet via flie flow channel (61), 
The detector*? active area (68) includes a light souroe in the form of an LED 

(63) or an optical fibre (not shown) to an external source, a difiEraction grating 

(64) and a light collector in the team qf the optical fibre (65). A IttiS (66) in 
10 front of the light source coJlimates the light and a lens (67) in fhnit of the light 

collecting fibre improves the Kght collection effieiency. Collected light is sent 
for spectral analysis. 

Additional electrical detection fimction is pro\>ided via groups of 3 gold 
15 miccoelectrodes (69), 110 wide on 200 jira pitch. Channel size is 400 pm 
by 400 lan, giving an overall device dimension of 50 x 30 x 5 mm. 
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